The subject matter of the article are the processes of identifying knowledge in the form of causal relationships based on the analysis of the log of the business process. The goal is to develop a logical-probabilistic model of cause-effect relationships between pairs of log events that describes the implementation of the business process's action to support the solution of the task of automating the construction of the knowledge base of the process management system. Tasks: Select context constraints and limitations on the execution of business process actions that can be obtained as a result of log analysis; develop an approach to extract the probabilistic and logical components of cause-effect dependencies; to develop a logical-probabilistic model of causal relationships. The methods used are: methods for constructing predicate models; Bayesian methods of constructing probabilistic models. The following results are obtained. Formalized class of causal dependencies for knowledge-intensive business processes. Such dependencies can take into account informal knowledge of the business process. Within this class there are: a predicate description of the state of the context based on information about values of attributes of log events; contextual constraints on doing business process actions; probabilistic conditions for implementing the business process. Conclusions. The scientific novelty of the results obtained is as follows: a logical-probabilistic model of cause-effect relationships between pairs of log events describing the performance of the business process is proposed. The model binds a logical description of the state of the context before and after the completion of each activity of the business process, as well as a logical description of the constraints on the actions of the process and a probabilistic description of the conditions for the execution of these actions. In practical terms, the model provides an opportunity to solve problems of extracting, expanding and integrating knowledge based on the analysis of logs of business processes. K e ywor d s : causality; knowledge; knowledge base; dependencies; business process; workflow; event log.
Introduction
Business process management systems are designed to manage the enterprise through the management of business processes (BP). The process control cycle includes the stages of building business process models, configuring these models in the management system, using BP models for managing and improving process models [1] .
Business process models specify the sequence of actions that are required to obtain the product or service needed by the consumer. Improvement of process models allows to eliminate bottlenecks, and also to adapt the model to new conditions of business process execution. Such conditions arise as a result of changes in the activities of the enterprise, new market contracts, etc.
The problem of adaptation of process models is especially important for knowledge-intensive business processes. Such processes differ in that knowledge workers can change their structure. They use their personal knowledge and experience to change activities when executing a business process. As a result, the a priori model of the process becomes inadequate to the current instance of the business process [2] .
To continuously improve the BP, it is necessary to supplement the process model with a knowledge base. This knowledge base can be used to assess the effectiveness of possible changes in the process model, taking into account constraints on the performance of business process actions.
When building a knowledge base, it is necessary to take into account the limited, inaccurate personal knowledge of the knowledge workers, who change the sequence of actions of the business process [3] .
Related Work
At present, approaches to building knowledge bases to support process management are focused primarily on knowledge engineering. The specialists in knowledge engineering provide for human-machine interaction in the allocation and formalization of knowledge. The Semantic Web paradigm is used, as well as micro-blogging ideas [4] .
At the same time, the methods of automated construction of knowledge bases [5] [6] [7] and approaches to the probability representation of knowledge are intensively developed [7] [8] [9] . These approaches use probabilistic causalities [10, 11] , probabilistic relations [12] , probabilistic graphical models [13] , probabilistic logical reasoning [14, 15] .
However, these methods and models are intended primarily for use in information retrieval and information referral systems. They are also used to support speech and image recognition.
Further research is required to solve the problems of supporting decisions on process management, taking into account the inexact, probabilistic nature of knowledge of people who perform knowledge-intensive business processes.
As a result, information regarding the further behavior of the business process becomes uncertain. This indicates the importance of constructing a logicalprobabilistic representation of knowledge.
The purpose of this article is to develop a probabilistic-logical representation of cause-effect dependencies in a knowledge base of the process management system in order to perform such tasks:
-using personal knowledge of employees to improve the business process model; -supporting decisions on the assessment of the actions of knowledge workers, who changes the business process.
Knowledge-intensive business process: causality
Knowledge-intensive business process has a number of properties that affect the representation of causal dependencies.
The process has three structural levels: a workflow; contextual knowledge about the actions of the process; context.
Workers can change the sequence of actions based on their knowledge and the current state of the context. This means that there are causal relationships between the context and the process activities (Fig. 1) . Context affects the execution of actions in the domain and includes a set of artifacts.
Artifacts are objects that the process uses when executing. Artifacts are characterized by a set of properties. Properties are represented as attribute -value pairs.
The current state of the business process context depends on such variables: -a set of artifacts that this process uses; -a set of properties of artifacts; -the values of the properties of these artifacts. Sets of artifacts and immutable attributes set the static aspect of the context. In other words, artifacts with predefined attribute sets are used by the process all the time.
The absence of such artifacts does not allow performing the corresponding actions of the process. Therefore, the static aspect of the context sets limits on the execution of business process actions. In this case, for each constraint of the business process, the rule is triggered: as long as the corresponding activity does not satisfy the constraint, it cannot be included in the workflow:
where c is the current constraint; l D -a subset of activities that must satisfy the constraint; wf -the workflow of the current instance of the business process..
The set of all possible sequences of actions forms the general flow of work of the business process, Wf i.e. { } Wf wf  . Limitations for a particular action must be satisfied in all instances of the process. A process instance is an implementation of the BP model, similar to an instance of a class in object-oriented programming.
The set of pairs "attribute-changing value" characterizes the dynamic aspect of the context. Attribute values changes as a result of process actions or environmental influences.
In order to execute a process action, a subset of attributes must have certain values. Therefore, the dynamic aspect is characterized by the conditions for performing BP actions at the time when the desired attribute values are obtained:
where l is the condition to perform activity d ; t -the moment of time when the condition l and constraint c are satisfied. Unlike constraints, the conditions for starting actions cannot be satisfied for all instances of the BP:
This difference is due to the fact that employees can change the process and perform the action under other input conditions. In the general case, there is a nonzero probability that the action will be performed with the true expression l .
In order to identify the causal dependence of the "condition-activity" kind and then to predict possible sequences of knowledge-intensive business process work, we set the threshold value  of the probability for this condition. The business process is characterized by the implementation of actions in time. Therefore, this causal dependence is represented using the temporal modal logic operators:
where ( ) p l is the probability of the condition l being met; X -the temporal modal logic operator neXt , it specifies the execution of the action d at the next discrete point in time; X  operator sets the condition being met from the current moment to the next discrete point in time.
Thus, causal dependencies for a knowledgeintensive business process have logical limitations and probabilistic conditions.
Approach to extracting cause-effect dependencies between business process events
The sequence of automated knowledge base construction includes the tasks of extracting knowledge, expanding the knowledge base and integrating knowledge with existing models (for example, business process models).
In order to solve the first task, the extraction of knowledge in the process management system, it is necessary to identify the context of the actions of the process. Then, based on the context analysis, we can set constraints and conditions for the execution of actions.
We can identify the context in two ways: -By using a priori knowledge of the subject area; -By analyzing the event logs that the process management system forms when executing a business process.
In the first case, the expert in the domain sets the permissible sequences of actions for each artifact. Usually such dependencies are determined by the life cycle of these objects. Therefore, we can specify a restriction on the sequence of the process actions in the form of permissible links between the operations for processing the artifact in accordance with its life cycle.
The conditions for the execution of actions are determined by comparing the permissible variants of the life cycle of artifacts. Therefore, it is necessary to compare several alternative sets of conditions when performing one action.
The disadvantages of this method are as follows. First, the approach requires the involvement of a qualified expert who knows the specific business process well.
Secondly, in addition to the business process model, it is necessary to construct life cycle models for artifacts, and then establish constraints by comparing the sequence of process actions and the sequence of life cycle operations.
In the second case, a log is used to identify conditions and limitations for the execution of business process actions. It contains a description of the events that occurred while the process was running.
The log is formed by the process management system. Log events are characterized by a set of attributes and their values. Attributes of events are also attributes of artifacts. For example, they can contain: the name and division of the performer; the name of the product that the business process creates; name of equipment, etc.
The disadvantage of the second method is that the log contains incomplete information about the business process. However, the log is constantly updated with new events as the business process proceeds. This allows you to perform both the task of extracting knowledge, and the task of expanding the knowledge base.
With the constant expansion of the knowledge base, the task of integrating knowledge is also performed in order to ensure the adequacy of existing models.
In general, with the automated building of the knowledge base of the business process management system, it is advisable to combine both methods. General dependencies are formed by an expert, and more detailed ones are identified on the basis of an analysis of the event log.
However, if the log contains detailed information about the activities of the process, you can limit yourself to identifying the context based on the analysis of the log.
In Fig. 1 the cycle of knowledge extracting, expanding and integrating is presented.
In this cycle, the log is viewed as the current "photo" of the workflow of the process. This sequence changes according to the current context using causal dependencies.
Such dependencies can be changed by knowledge workers. However, then, after analyzing the logs, the found altered dependencies are included in the knowledge base.
Then these cause-effect relationships can be included in the business process model.
In order to implement this cycle, we propose a logical-probabilistic approach to the extraction of causeeffect relationships in the field of process management. The proposed approach uses the properties of causal dependencies for the knowledge-intensive business process (4), as well as the properties of the BP log.
We can choose one of two possible categories of uncertainty when we construct a logical-probabilistic description of the causality of a knowledge-intensive business process.
-uncertainty about empirical facts; -uncertainty about logical facts. Empirical facts are characterized primarily by information and cognitive components. First, they contain information about the state of objects and phenomena of the domain. Secondly, the cognitive component determines the way in which these facts are interpreted.
Empirical facts in the logs are represented by a set of attribute-property pairs for each event, and therefore we will interpret these facts using the mathematical apparatus of predicate logic.
The predicate i R interprets each event in this way:
where j a -attribute of i -event; , i k v -is the value of the attribute j a . Logical facts determine the relationship between empirical facts. Logical facts are represented in the log in the form of sequences of events corresponding to the sequence of actions of the business process. The information system of management of business processes records in a log a trace of events separately for each copy of the business process. Therefore, the logical facts for the process are of a probabilistic nature.
From expression (4) we can see that causal dependencies for a knowledge-intensive business process contain deterministic and probabilistic components.
For each pair of events , 1 i i  , we will also distinguish two components: the deterministic constraint and the probabilistic condition. 
Using the representation of constraints in the form of a predicate (6), we can find subsets of attributes that do not change for the selected action on all log paths. This means that the selected action is performed with unchanged values of the artifact attributes in all instances of the business process:
If we order such subsets of attributes by run-time, we can obtain a set of sequences of unchanged attribute pairs for all possible variants of executing a business process. This sequence describes an invariant part of the context that does not depend on possible actions of the BP. Therefore, we can treat such sequences as static context constraints.
Each action is represented in the log by a pair of events: , 1 i i  . Therefore, we calculate the probability of a condition 1 i l  for performing an action using: -the probability 
Conclusions
The article considers the problem of representation of causal dependencies in modeling and management of business processes.
Our contribution is as follows. A logicalprobabilistic model of cause-effect relationships is proposed. Each such dependency links a pair of log events that describe the execution of a single action of the business process. The model connects the logical description of the context state before and after the completion of each action of the business process, as well as a logical description of the constraints on the process actions and a probabilistic description of the conditions for performing these actions.
The proposed model can be used to solve problems of extracting, expanding and integrating knowledge based on the analysis of business process logs.
